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Abstract 
Flexible AC Transmission Systems devices are becoming the imperative part of the transmission system network for power 
transfer enhancement. In this work, the impact of Static Compensator parameters has been analyzed for available transfer 
capability  (ATC) enhancement. The main contribution of the paper is: (i) impact of STATCOM on the ATC determination for 
bilateral and multi-transactions (ii) Comparison of ATC values obtained in three different scenarios of STATCOM control 
parameters variations (iii) comparison of results without and with STATCOM controller parameters for the ATC enhancement. 
The study has been conducted on IEEE 24 bus Reliability Test System. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the International Conference on Eco-friendly Computing and 
Communication Systems (ICECCS 2015). 
Keywords: STATCOM, Parametric variations;ATC enhancement,;PTDF,;Bilateral, Multi-transactions 
1. Introduction 
Electric power utilities are currently undergoing the restructuring process and have adopted the deregulated market 
operation all around the world. In deregulated market it is mandatory for the Independent System Operator (ISO) to 
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provide non-discriminatory open access to transmission network for all power distributors and producers of 
electricity. It is the sole responsibility of both seller and buyers to send accurate information to the Independent 
System operator (ISO) that necessitates posting transfer capability of the network well in advance so that the lines 
can be reserved to utilize them optimally. So, Available Transfer Capability (ATC) emerges as a new measure to 
utilize the existing transmission network with full capacity [1].  According to North American Electricity Reliability 
council (NERC) report [1], ATC is a measure of transfer capability remaining in the physical transmission network 
for further commercial activity over and above already committed uses. Any commercial transaction is restricted by 
ATC so as to ensure system security. Under the U.S. Federal Energy Regulatory Commission (FERC) [2] orders, it 
is mandatory to post the information about the ATC to market entities internet-based Open Access Same time 
Information System (OASIS). Zhimin Li and Weixing Li [3] discussed the various technical challenges of 
calculating ATC in power industry deregulating market. A novel formulation of ATC problem based on full AC 
power flow solution to integrate the effect of reactive power flows, voltage limit as well as line limit and voltage 
stability was presented by Ejebe et al. [4]. DC load flow based method presented in [5] uses DC load flow based 
power transfer distribution factors (DCPTDF) to compute ATC. Since DC PTDF based method is based on 
assumptions, the AC load flow based power transfer distribution factors (ACPTDF) which are more accurate were 
determined for loss allocation and was also applied for the ATC determination [6-7]. The ATC calculation for real-
time application has been attempted by intelligent techniques in [8]. An approach to incorporate the reactive power 
in linear ATC computation is described in [9]. Many authors attempted determination of the dynamic ATC 
considering voltage stability criteria [10-11].  
Flexible AC Transmission System (FACTS) technology developed the ways with the different type of controller to 
extend the power handling capacities of the existing power network without the necessity of adding new 
transmission lines and provide control facilities [12-13]. Ying Xiao et al. [14] presented the evaluation of the impact 
of  FACTS control on available transfer capability (ATC) enhancement. Schnurr et al. describes the enhancement of 
ATC with the help of load-flow controlling capability of multifunctional FACTS devices [15]. A comprehensive 
evaluation of ATC with FACTS devices using non-linear programming approach was proposed in [16]. An 
application of unified power flow controller (UPFC) to improve the available transfer capability of the power system 
was proposed in [17]. A method to determine Static Synchronous Series Compensator (SSSC) best location that 
maximizes the power system available transfer capability measured as the maximum system load increase following 
the limits of lines was proposed in [18]. Kumar et al. [19] presented the approach for ATC calculations using PTDF 
with FACTS devices for multi transaction and optimal location of FACTS devices based on power flow sensitivity. 
Determination of ATC with ZIP load with third generation FACTS controllers was presented in [20]. Modeling of 
the FACTS controllers in load flow was presented in [21].  
In this paper, the enhancement of ATC has been obtained with STATCOM and impact of the controller parameters 
on ATC has been obtained taking three different scenarios of control parameters variation. How the power transfer 
distribution factors changes with the control parameters is evaluated to observe their impact on power flows in the 
system. The optimal parameters are obtained at the maximum values of the ATC for both bilateral and multi-
transaction cases on IEEE 24 bus RTS system [22]. A program was developed in MATLAB® R2014a with Intel® 
Core(TM) i3-3120M 2.30 GHz processor for this study. 
2. Determination of available transfer capability for multi-transactions with STATCOM 
According to NERC report [1], ATC is a measure of transfer capability remaining in the physical transmission 
network for further commercial activity over and above already committed uses. It indicates the unutilized capacity 
in the transmission network that is available for reservation by the power markets. ࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔is the power 
transfer distribution factor of the   line between bus ࢏ െ ࢐ when a transaction is there between bus ࢓ and ࢔, and 
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ࡺࡸis the total number of transmission lines. For a bilateral transactionࡼ࢚ between two buses࢓ and࢔, where m is 
the seller bus and n is the buyer bus, a fraction of the power transacted is carried by a line between any two buses ࢏
and ࢐. If οࡼ࢚MW is the change in real power transaction among buses ࢓ and࢔, andοࡼ࢏࢐   is the change in 
transmission line quantity among bus ࢏ and ࢐ then AC power transfer distribution factors (ACPTDF) [7] can be 
defined as: 
࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔ ൌ
οࡼ࢏࢐
οࡼ࢚
          (1) 
In this study, Full N-R Jacobian based approach has been utilized to compute ACPTDF for ATC calculations. AC 
PTDFs can be determined knowing the change in power flows for given transactions that may be bilateral or 
multilateral. Consider an n-bus system with bus 1 as slack bus, 2 to ࢍas P V buses (generator buses) andࢍ ൅ ૚to 
࢔as P Q buses. A transaction is defined by four parameters (࢚ǡ ࢏ǡ ࢐ǡ ࡼ࢚) where ࢚  is the transactions number, ࢓ are the 
sources as seller buses and and ࢔ the sink buses as the buyer buses and ࡼ࢚is p.u MW transaction. The change in 
power flow of any line ࢏ െ ࢐ can be evaluated by sensitivity analysis and is well documented in [19-20]. The 
ACPTDFs are calculated for each line for particular transaction between seller bus࢓ and buyer bus࢔. Depending 
on the number of transaction, the entry at the corresponding seller bus and buyer bus can be added in the power 
injection column matrix.  So, ATC between bus ࢓ and bus ࢔ using ACPTDF can be mathematically calculated as 
[19]:  
࡭ࢀ࡯࢓࢔ ൌ ܕܑܖ൛ࢀ࢏࢐ǡ࢓࢔ൟ ǡ ࢏࢐૓ࡺࡸ        (2) 
׵ ࢀ࢏࢐ǡ࢓࢔ for any transaction between seller bus ࢓ to buyer bus ࢔:
ࢀ࢏࢐ǡ࢓࢔ ൌ
ە
ۖ
۔
ۖ
ۓ
ቀࡼ࢏࢐
࢓࢔ିࡼ࢏࢐
૙ ቁ
࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔
 Ǣ  ࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔ ൐ ૙
ሺ࢏࢔ࢌ࢏࢔࢏࢚ࢋሻǢ  ࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔ ൌ ૙
ቀିࡼ࢏࢐
࢓࢔ିࡼ࢏࢐
૙ ቁ
࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔
 Ǣ  ࡭࡯ࡼࢀࡰࡲ࢏࢐ǡ࢓࢔ ൏ ૙
        (3) 
Where, 
ࡼ࢏࢐૙  is the real power flow through any line ࢏ െ ࢐, ࡺࡸ is the total number of transmission line,ࡼ࢏࢐࢓࢔ is thermal limit of 
any line ࢏ െ ࢐, ࢀ࢏࢐ǡ࢓࢔ is the maximum allowable transaction amount from bus࢓ bus ࢔constrained by the line flow 
limit from bus ࢏bus ࢐. The procedure is well discussed in [19]. 
3. Model of Static Synchronous Compensator (STATCOM) 
STATCOM consists of a converter, coupling transformer, and a DC capacitor. The main function of converter is 
to generate a fundamental output voltage waveform with the demanded magnitude and phase angle in synchronism 
with the AC system. Since, static compensator cannot generate or absorb real power (assuming no energy storage 
for STATCOM), power transmission of the system is affected indirectly by the voltage control. The reactive output 
power (capacitive or inductive) of the compensator is varied to control the voltage at given terminal of transmission 
network so as to maintain the desire power flow under possible system disturbances and contingencies. STATCOM 
can be represented by a synchronous voltage source with magnitude ࢂ࢙ࢎand angle ࢾ࢙ࢎwith its internal impedance 
ࢆ࢙ࢎ applied in any bus ࢑ǡ shown in Fig.1.   
Fig. 1. STATCOM model 
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The shunt voltage source for the STATCOM is derived as [16]: 
ࡱ࢙ࢎ = ࢂ࢙ࢎ(܋ܗܛࢾ࢙ࢎ ൅ ܒܛܑܖ ࢾ࢙ࢎ)
ࢂ࢙ࢎ is the function of STATCOM capacitor rating which has maximum and minimum limits as 0.9 p.u to 1.1 p.u.. 
And ࢾ࢙ࢎmay take any value between 0 to 2࣊ (0 to 6.28 rad) 
The real and reactive power equations of  STATCOM for converter and bus ࢑  is given by [7]: 
ࡼ࢜࢘ ൌ ࢂ࢙ࢎ૛ ࡳ࢙ࢎ ൅ࢂ࢙ࢎࢂ࢑ሾࡳ࢙ࢎ ܋ܗܛሺࢾ࢙ࢎ െ ࣂ࢑ሻ ൅ ࡮࢙ࢎܛܑܖሺࢾ࢙ࢎ െ ࣂ࢑ሻሿ  (4)
ࡽ࢜࢘ ൌ െࢂ࢙ࢎ૛ ࡮࢙ࢎ ൅ࢂ࢙ࢎࢂ࢑ሾࡳ࢙ࢎ ܋ܗܛሺࢾ࢙ࢎ െ ࣂ࢑ሻ െ ࡮࢙ࢎܛܑܖሺࢾ࢙ࢎ െ ࣂ࢑ሻሿ     (5) 
ࡼ࢑ ൌ ࢂ࢑૛ ࡳ࢙ࢎ ൅ࢂ࢑ࢂ࢙ࢎሾࡳ࢙ࢎ ܋ܗܛሺࣂ࢑െࢾ࢙ࢎሻ ൅ ࡮࢙ࢎܛܑܖሺࣂ࢑െࢾ࢙ࢎሻሿ     (6) 
ࡽ࢑ ൌ െࢂ࢑૛ ࡮࢙ࢎ ൅ࢂ࢙ࢎࢂ࢑ሾࡳ࢙ࢎ ܋ܗܛሺሺࣂ࢑െࢾ࢙ࢎሻ െ ࡮࢙ࢎܛܑܖሺሺࣂ࢑െࢾ࢙ࢎሻሿ     (7) 
Real power injection at bus ࢑ǡ ࡼࢋ࢞ࢉࢎࢇ࢔ࢍࢋ ൌ ࡾࢋሺࢂ࢙ࢎࡵ࢙ࢎכ ሻ ൌ ૙ [14 ] or 
ࢂ࢑૛ ࡳ࢙ࢎ ൅ࢂ࢑ࢂ࢙ࢎሾࡳ࢙ࢎ ܋ܗܛሺࣂ࢑െࢾ࢙ࢎሻ ൅ ࡮࢙ࢎܛܑܖሺࣂ࢑െࢾ࢙ࢎሻሿ = 0         (8) 
Where  
૚Ȁࢆ࢙ࢎ ൌ ࡳ࢙ࢎ ൅ ࢐࡮࢙ࢎ
So, there is no change in N-R Jacobian sub matrices ࡶ૚ and ࡶ૛. Since there is change in reactive power equation, 
therefore, the change will occur in only the matrices ࡶ૜ and ࡶ૝ on appropriate places where STATCOM has been 
placed. The change in J3 and J4 at the appropriate places can be represented as: 
ࡶ૜ǡ࢙࢚ࢇ࢚ࢉ࢕࢓ሺ࢑ǡ ࢑ሻ ൌ ࡶ૜ሺ࢑ǡ ࢑ሻ+ࢂ࢙ࢎࢂ࢑ሾࡳ࢙ࢎ ܋ܗܛሺሺࣂ࢑െࢾ࢙ࢎሻ ൅ ࡮࢙ࢎܛܑܖሺሺࣂ࢑െࢾ࢙ࢎሻሿ (9)
ࡶ૝ǡ࢙࢚ࢇ࢚ࢉ࢕࢓ሺ࢑ǡ ࢑ሻ ൌ ࡶ૝ሺ࢑ǡ ࢑ሻ ൅ ࢂ࢙ࢎሾࡳ࢙ࢎ ܛܑܖሺሺࣂ࢑െࢾ࢙ࢎሻ െ ࡮࢙ࢎ ܋ܗܛሺሺࣂ࢑െࢾ࢙ࢎሻሻሿ  (10) 
The N-R Jacobian can be modified using (16) and (17). Using the modified Jacobian, the ACPTDFs can be 
determined with STATCOM. The flow chart to determine ATC with STATCOM is shown in Fig. 2. 
4. Results and discussions 
There are two control parameters in STATCOM controller, namely shunt voltage ௦ܸ௛ and shunt angleߜ௦௛. In this 
study, three scenarios are considered. The STATCOM shunt voltage has been varied between 0.9 to1.1 p.u and the 
impact of these variations is studied on ACPTDF, real power flows and thereby on ATC. The STATCOM shunt 
angle ߜ௦௛ is is varied from 0 to 6.28 rad and its impact on ACPTDF, ATC and real power flows have been plotted. 
In the third scenario, both the STATCOM control parameters are varied simultaneously to observe the impact on 
ACPTDF, real power flows and ATC. The load flow studies were conducted on an IEEE 24 bus RTS [23] and 
calculation suggest that bus 17 is having the least voltage so STATCOM is placed on this bus. The ACPTDFs and 
the ATC has been obtained for different bilateral and multi-lateral transactions considered as: 
 T1: Transaction between seller bus 23 to buyer bus 15; T2: Transaction between seller bus 10 to buyer bus 3 
T3: Transaction between seller buses 23 and 10 to buyer buses 15 and 3,  T4: Transaction between seller buses 23, 
10 and 21 to buyer buses 15, 3 and 6. T1 and T2 are bilateral transactions and T3 and T4 are simultaneous or multi-
transactions between the seller and the buyer buses. The results are obtained for three cases: 
Case 1: variation of STATCOM shunt angle (ߜ௦௛). The angle is varied between 0 to 6.28 radians [22]. 
Case 2: variation of STATCOM voltage ( ௦ܸ௛). The voltage is varied between 0.9 p.u. to 1.1 p.u. (+ -10%). 
Case 3: When both the parameters viz. STATCOM shunt angle (ߜ௦௛ሻand STATCOM voltage ( ௦ܸ௛) are varied 
simultaneously as per the defined limits.  
4.1. Results for Case 1 
ACPTDF and ATC have been determined for transaction T1 considering variation in STATCOM shunt angle 
(ߜ௦௛). The ACPTDFs are obtained  and are shown in Fig 3. From Fig 4. it is observed that ATC is at its minimum 
value of 7.576 p.u when STATCOM angle is 1.228 rad and attains its maximum value of 7.582 p.u when the 
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STATCOM angle is 4.813 rad. It is also observed that the value of ATC first decreases than increases as the value of 
shunt angle is increased within its range. After increase in angle above 4.183 radian, the ATC decreases. The angle 
variation has a marginal impact on ATC values. Calculation of ATC shows that it depends on two quantities 
ACPTDF and real power flows in the line. For transaction T2, ACPTDF are obtained and are shown in Figs. 5. ATC 
obtained when  ߜ௦௛ is varied between 0.1 to 6.28 radians for   transaction T2 is shown in Fig 6. It is observed that 
the ATC is higher at lower shunt angle and it decreases as the angle is increased. The pattern of the ATC change for 
transaction T2 is different compared to the ATC variation with shunt angle for transaction T1. The change in ߜ௦௛
for transaction T2 has considerable impact on the ATC values. The change in ߜ௦௛  for transaction T2 shows that 
there is significant decrease in ATC value as compared to transaction T1. The highest value of ATC is 3.521 p.u 
obtained at the angle of 1.391 radians and the lowest value is 2.637 p.u at 4.967 radians. For transaction T3, the 
ACPTDF are obtained and are shown in Fig 7. 
 
Fig. 2 Flowchart for Calculation of ATC including STATCOM parametric variations 
The pattern of change in the ATC is similar to the transaction T2. The ATC decrease with the increase in ߜ௦௛.
The maximum value of ATC in T3 is 3.447 p.u at 1.391 radians and the minimum value obtained is 2.48 p.u at 
4.976 radians. The change in ߜ௦௛  for transaction T3 shows that there is significant change in the ATC value as 
compared to transaction T1. For the transaction T3, the change in shunt angle has considerable impact on the ATC. 
For simultaneous or multi-transaction case the ACPTDFs is shown in Figs. 9. The ATC obtained with change in the 
shunt angle of the STATCOM is shown in Fig. 10. The pattern of change in the ATC is similar to the transaction T2 
and T3. The ATC decrease with the increase in ߜ௦௛. Line 27 has highest PTDF value of 0.6705 at angle 0.25, but as 
ߜ௦௛ increases the value of PTDF decreases for the short period then finally reaches to value of 0.6677 at angle 6.28. 
The same behavior is seen when ATC is plotted with theߜ௦௛, The highest value of ATC obtained is 1.228 p.u at 
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1.189 radians which is 64.37 % less than the value of ATC obtained in transaction T3 and the lowest value of ATC 
is  1.019 p.u at angle 4.813 radians which is 58.91 % less than transaction T3. For the multilateral transaction cases, 
the ATC is observed lower compared to the bilateral transaction cases. The ATC changes non-linearly with the 
change in angle ߜ௦௛.
Fig 3 ACPTDF Variation  with STATCOM angle 
for Transaction T1
Fig 4  ATC with variation in STATCOM angle for transaction T1 
Fig 5. ACPTDF variation with STATCOM angle for Transaction T2 
Fig. 6 ATC with variation in STATCOM angle for Transaction T2 
Fig 7. ACPTDF variation with STATCOM angle for Transaction T3 
Fig. 8 ATC with variation in STATCOM angle for Transaction T3 
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Fig 9. ACPTDF variation with STATCOM angle 
for Transaction T4
Fig. 10 ATC with variation in STATCOM angle for Transaction T4 
4.2. Results for Case 2 
In this case the STATCOM voltage  ௦ܸ௛  is varied within the specified range. The impact on ACPTDFs is 
obtained and is shown in Fig. 11.  It is observed from ATC plot that there is a negligible change in the value of ATC 
as the value of ௦ܸ௛ is varied from initial value to final value as shown in Fig. 12. The ATC is found to be maximum 
lower value of  ௦ܸ௛. The ATC changes linearly with voltage. The impact of change in voltage is marginal on the 
ATC. The impact on ACPTDFs and power flows are obtained and are shown in Figs. 13. The values of the ATC for 
Transaction T2 are shown in Fig 14. The maximum value of ATC obtained is 3.124 p.u at 0.9 p.u of ௩ܸ௥ and the 
pattern of ATC decreases as ௦ܸ௛  increases. As compared to Transaction T1, the ATC is lower for transaction T2.  It 
is also be noted that there is a negligible difference between highest and lowest values of the ATC when ௦ܸ௛ is 
varied. The highest value of ACPTDF obtained is 0.514 at 0.9 p.u for line 27 and  the value decreases as ௦ܸ௛
increases. The pattern of variation is similar to transaction T1. The ACPTDFs and the ATC is shoan in Figs. 15 and 
16 for transaction T3. The ATC curve corresponds to the change in ୱ୦for transaction T3 shows that there is 
significant decrease in ATC value as compared to transaction T2 and T1. The highest value of ATC is 3.045 p.u 
obtained at 0.9 p.u and the lowest value is 3.037 p.u at 1.1 p.u. ACPTDF in this transaction  decreases as compared 
with transaction T2, highest value of ACPTDF is 0.355 at 0.9 p.u for line 27. For transaction T4, the ACPTDFs and 
the real power flows are shown in Figs.17. The ATC obtained for T4 is shown in Fig. 18. For transaction T4, the 
pattern of linear variation is different compared to the transactions T1 to T3. In this case the ATC is lower at lower 
voltage and increases with increase in the voltage. The change is also marginal in this case. In simultaneous or 
multi-transaction case, the ATC further decrease as compared with the bilateral cases. Line 27 has highest PTDF 
value of 0.6705 at 1.1 p.u. 
Fig. 11 ACPTDF variation with STATCOM shunt voltage for 
Transaction T1 
Fig. 12 ATC with variation in STATCOM shunt voltage for 
Transaction T1 
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Fig 13. ACPTDF variation with STATCOM shunt voltage for 
Transaction T2 
Fig. 14 ATC with variation in STATCOM voltage for Transaction T2 
Fig 15. ACPTDF variation with STATCOM shunt voltage for 
Transaction T3 
Fig. 16 ATC with variation in STATCOM voltage for Transaction T3 
Fig. 17 ACPTDF variation with STATCOM shunt voltage  for 
Transaction T4 
Fig. 18 ATC with variation in STATCOM voltage for Transaction T4 
4.3. Results for case 3 
 With the simultaneous variations in the control parameters of STATCOM, the ACPTDFs and the ATC are 
calculated and are shown in Figs. Fig 20 shows the ATC obtained with variations in ௦ܸ௛and ߜ௦௛and it is observed 
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that the impact of change in angle is more predominant compared to the change in the voltage.  The minimum value 
of ATC is 7.576 p.u at 0.9324 p.u of voltage, and at angle 1.228 radians, maximum value   obtained is 7.582 p.u at 
1.057 p.u of voltage,  and at angle 4.967 rad. The ACPTDF calculated for the corresponding ATC is shown in Fig. 
19. The ATC and ACPTDFs obtained for Transaction T2 are shown in Fig 21 and 22. The effect of change in ௦ܸ௛
ߜ௦௛ nonlinear showing the change in the angle has predominant effect on the ATC. The pattern of variation is 
different compared to transaction T1. The maximum value of ATC in transaction T2 is 3.521p.u. obtained at voltage 
0.9432p.u and angle 1.554 rad. The minimum value of ATC is 2.639p.u obtained at voltage 1.057p.u and angle 
4.976 rad. The ATC and ACPTDFs obtained for Transaction T2 are shown in Fig 23 and 24. The effect of change in 
௦ܸ௛ ߜ௦௛ nonlinear showing the change in the angle has predominant effect on the ATC. The pattern of 
variation is different compared to transaction T1. The highest value of ATC is 3.446 p.u obtained at voltage 0.9432 
p.u and at angle 1.554 rad, the lowest value is 2.542 p.u obtained at voltage 1.057 p.u and at angle 4.967 rad. The 
ATC for T3 is observed lower compared to transactions T1 and T2. The ATC and ACPTDFs obtained for 
Transaction T4 are shown in Figs 25 and 26. The effect of change in ௦ܸ௛ߜ௦௛ nonlinear showing the change in 
the angle has predominant effect on the ATC. The pattern of variation is different compared to transaction T1 and is 
similar to transactions T2 and T3. The highest and lowest value of ATC obtained in this transaction is 1.185 p.u and 
1.02 p.u respectively. The ATC obtained without and with STATCOM are given in Tables 1 for comparison. The 
ATC obtained for all transactions and for all cases is also given in Table 1. It is observed that the ATC enhances 
with STATCOM for all transactions. The impact of variations in angle and voltage of STATCOM on the ATC is 
also given in Table 1 with their minimum and maximum values corresponding to angle and the voltage. The shunt 
angle and voltage of STATCOM for the maximum ATC are also given in Table 1. 
Table 1 Comparison of ATC without and with STATCOM. 
  Case I Case II Case III 
   
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 
ATC without 
STATCOM 
7.5785 2.8342 2.7629 1.1183         
ATC with 
STATCOM 
Maximum and 
Minimum 
7.582 3.521 3.447 1.228 7.5780 3.124 3.045 1.228 7.582 3.521 3.446 1.185 
7.576 2.637 2.480 1.019 7.5778 3.114 3.037 1.019 7.576 2.639 2.542 1.020 
Shunt                 
Angle (radians) 
for Maximum 
ATC 
7.576 2.637 2.480 1.019 7.5778 3.114 3.037 1.019 7.576 2.639 2.542 1.020 
Shunt                 
Angle (radians) 
for Maximum 
ATC 
4.813 1.391 1.391 1.189 0.25 0.25 0.25 0.25 4.967 1.554 
1.554 1.554 
Fig 19  ATC (p.u) with Variation in STATCOM shunt 
voltage and angle for Transaction T1 
Fig 20  ACPTDFs variation with STATCOM shunt voltage  
and angle for Transaction T1 
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Fig. 21.  ATC (p.u) variation with STATCOM shunt voltage and angle 
for Transaction T2 
Fig. 22 ACPTDF (p.u) variation with STATCOM shunt voltage and 
angle for Transaction T2 
Fig. 23 ATC (p.u) variation in STATCOM shunt voltage and angle  
for Transaction T3 
Fig. 24 ACPTDF (p.u) variations with STATCOM shunt voltage and 
angle for Transaction T3 
Fig 25. ATC (p.u) variation with STATCOM shunt voltage and 
angle for Transaction T4 
Fig. 26. ACPTDF (p.u) variations with STATCOM  shunt voltage 
and angle for Transaction T4 
4. Conclusions 
In this paper, the effect of STATCOM control parameters has been assessed on the ATC upgrade. The outcomes 
have been acquired to watch the effect on the ACPTDFs and Power flows in the system. It is observed that: 
1. The ATC enhances with STATCOM for all transactions and cases under the study. 
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2. The ATC varies linearly with the change in voltage control parameters of STATCOM. 
3. The ATC varies nonlinearly with the change in STATCOM control angle. 
The impact of angle variation on the ATC is more predominant compared to change in the angle of STATCOM. 
This study is important for better planning and operation of energy markets and can help the ISO to post ATC on 
web for economic commercial activity in the energy markets. 
Acknowledgements 
The authors acknowledge the Department of Electrical Engineering NIT Kurukshetra for providing facility to 
carry-out this work.  
References 
1. North American Electric Reliability Council (NERC). Available Transfer Capability Definitions and Determination. NERC, Report; June 
1996. 
2. Federal Energy Regulatory Commission (FERC). Regional transmission organizations. Washington, DC, Docket RM99-2-000, order 2000;
December 20, 1999. 
3. Li Zhimin, Li Weixing. Technical challenges of ATC calculation in the power industry deregulated environment. Power Con International
Conference on Power System Technology, 2004, 1(21-24): p. 459-463. 
4. Ejebe G C, Tong J, Waight J G, Frame J G, Wang X, Tinney W F. Available transfer capability calculations. IEEE Trans Power Syst, 1998,13   
(4):p. 1521–1527. 
5. Christie R D, Wollenberg B F, Wangesteen I. Transmission Management in the Deregulated Environment. Proceedings of the IEEE, 2000, 88  
6. Kumar A, Srivastava S C. AC power transfer distribution factors for allocating power transactions in a deregulated market. Power
Engineering Review, 2002, 22(7):p. 42–43. 
7. Kumar A, Srivastava SC, and Singh SN, “Available transfer capability (ATC) determination in competitive electricity market using AC 
Distribution Factors”, Electric Power Components and Systems, vol. 32, June 2004, pp. 927-939. 
8. Kumar D M V, Narayan R G, Venkaiah Ch. Available transfer capability (ATC) determination using intelligent techniques. Power India
Conference, 2006  
9. Grijalva S, Sauer P W. Reactive power considerations in linear ATC computation. Proceedings of the 32nd Annual Hawaii International 
Conference on Systems Sciences, 1999, 3 (5-8):11. 
10. Kumar A, Srivastava S C, Singh S N. Available transfer capability assessment in a competitive electricity market using a bifurcation
approach. Generation, Transmission and Distribution, IEE Proceedings, 2004,15 1(2):p. 133-140. 
11. Cheng Y, Chung TS, Chung CY, Yu CY. Dynamic voltage stability constrained ATC calculation by a QSS approach. Int J Electric Power 
Energy Syst 2006;28(26):p. 408–12. 
12. Jain T, Srivastava SC, and Singh SN. Assessment of oscillatory stability constrained available transfer capability. Int. J. on Electric Power 
and Energy Systems,  2009: 31(..): p. 192-200. 
13. Hingorani N G, Gyugyi L. Understanding FACTS Concepts and Technology of Flexible AC Transmission Systems. IEEE Press ,1999  
14. Xiao Y, Song Y H, Sun Y Z. Available transfer capability enhancement using FACTS devices. IEEE Transactions on Power Systems, 
2003,18(1):p. 305-312. 
15. Schnurr N, Wellssow W H .Determination and enhancement of the available transfer capability in FACTS. IEEE  Power Tech Proceedings 
Porto, 2001,4:6. 
16. Zhang XP, Handschin E. Transfer capability computation of power systems with comprehensive modeling of FACTS controller. In: Proc. of 
14th PSCC, Spain, 2002:24–28 
17. Sawhney H and Jeyasurya B, “Application of unified power flow controller for available transfer capability enhancement”, Electric Power 
System Research, vol. 69, 2004, p. 155-160. 
18.  Menniti,D Scordino N, and Sorrentino N, "A new method for SSSC optimal location to improve power system Available Transfer 
Capability", in Proc. of IEEE, Power Systems Conference and Exposition, 2006, p. 938-945. 
19. Kumar A, Kumar J. ATC determination with FACTS devices using PTDFS approach for multi-transactions in competitive electricity 
markets. International Journal of Electrical Power & Energy Systems, 2013, 44(1):p. 308-317 
20. Kumar A, Kumar J. ATC with ZIP load model – A comprehensive evaluation with third generation FACTS in restructured electricity 
markets. International Journal of Electrical Power & Energy Systems, 2014, 54: p. 546-558  
21. Acha E, Esquivel C  R  F, Pérez H A. Facts: Modelling and Simulation in Power Networks. John Wiley &Sons Ltd. 
22. IEEE Reliability Test System, A report prepared by the Reliability Test System Task Force of the Applications of Probability Methods
Subcommittee, IEEE Trans. on Power Apparatus and Systems, 1979, 98:p. 2047-2054. 
